Over the last half century, the Aluminum Plant Podgorica has been the largest energy consumer in Montenegro. That is mainly because the entire process of transforming raw bauxite into aluminum is incredibly energy intensive, requiring copious amounts of electricity, water and resources. Since pure aluminum ore is so stable, an extraordinary amount of electricity is required to yield the final product, and usually more than half of the smelting energy consumed is the courtesy of coal, being one of the most notoriously polluting fuel sources known to mankind. Such environmental impact of the plant is huge, making its mere existence questionable from both the financial and environmental point of view.
INTRODUCTION
Securing a reliable, economically viable and environmentally sound energy supply is and will continue to be a major challenge for all the companies operating in the Balkans, including Montenegro. Having in mind strong coal dependency in terms of energy production, it is very hard to prepare for future emission reduction challenges set by the European Union (Ministarstvo ekonomije Crne Gore, 2015) . In order to be in line with the EU emission reduction targets by 2020 and a erwards, a set of deep reforms and changes is planned at the governmental level that will directly impact large energy consumers.
Over the past half century, Aluminum Plant Podgorica has been the largest energy consumer in Montenegro. at is mainly due to the fact that the entire process of transforming raw bauxite into aluminum is incredibly energy intensive, requiring copious amounts of electricity, water and resources. Since pure aluminum ore is so stable, an extraordinary amount of electricity is required to yield the nal product and more than half of the smelting energy consumed is attributed to coal, as one of the most notoriously polluting fuel sources known to mankind (Elizah Leigh, 2010) . Such environmental impact of the plant is huge, thus making its mere existence questionable from both the nancial and environmental point of view.
e problem of emissions is becoming a current issue in all serious companies, and developing the appropriate risk management strategy is deemed necessary. In sectors that are heavy emitters, greening the supply chain is the only viable option. Some companies in the aluminum industry have already started using top-down mandates to incorporate sustainability into each business unit's practices. is was done upon a thorough analysis of real operating costs that included the monetary value of environmental impacts of the company. e global warming coe cients de ned in the Second Assessment Report done by IPCC in 1990 were used to calculate the greenhouse gas values. For the purpose of the study, the emphasis will be solely on the values of carbon dioxide, methane and nitrous oxide. e calculated data will be equal to carbon dioxide equivalent values in order to give easier monetary value to the emissions. e raw data were collected from government institutions in charge of or reporting on electricity and fuel consumption, international organizations and NGO's working in this eld in Montenegro, as well as available publications on this topic. e analysis was not only done from the environmental point of view, but also from the risk management point of view. Namely, we live in an ever-changing world, where a new legislation on emission reduction or a newly imposed carbon tax might make our operational model ine cient to successfully comply with it and remain pro table.
Data analysis
As previously explained, the focus of the analysis is on the electricity usage by the Aluminum plant in Montenegro for the period from 2003 until 2016. ose data will be used to calculate the related emissions and their potential cost. e data were taken from the yearly reports published by the Ministry of Economics on energy consumption. e reports for the given period were combined to get the continuum and data clarity.
Graph 1. e electricity usage by the Aluminium plant in Montenegro
Source: Author's calculations based on the o cial data published in the yearly energy reports of the Ministry of Economics of Montenegro
When it comes to energy consumption in Montenegro in the observed period, the average yearly consumption was 4066 GWh. is amount accounted for direct and distributive consumption as well as for the transmission losses. Out of the total electricity consumption, on average, some 1338 GWh go directly to the Aluminum factory. is accounts for Graph 2. Electricity consumption in Montenegro (in GWh)
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Korporativno upravljanje / Corporate governance more than 33% of total electricity consumption in Montenegro. Having in mind the large share of consumption, any change in either energy prices or environmental legislation aiming to reduce emissions, would severely a ect the Aluminum plant, as the largest consumer.
As can be seen in the graph, its electricity consumption uctuates on a yearly basis. e analyzed period shows a decline in energy consumption from 2007 due to the global crisis and lower aluminum prices on the market. e share for the rst half of the analyzed period was above 40% of the total electricity consumption. e share in the second half of the analyzed period is much lower, but it is expected that with the economic improvements, the production will record more favourable gures.
A er having a clear picture of the yearly electricity consumption of the Aluminum plant, we can use the data to calculate the values in Joules. By transferring the watt values to the derived unit of energy using the global warming coefcients, we have all mathematical variables to calculate the emissions directly related to electricity consumption.
As shown in the above-given table and graph, (Ministarstvo ekonomije Crne Gore, 2016), the carbon dioxide, methane and nitrous oxide were calculated. Other greenhouse gasses are irrelevant when it comes to electricity consumption and they do not re ect a signi cant di erence in terms of nal results. Using the second assessment report, the values of methane and nitrous oxide were transferred into carbon dioxide equivalent values, making with already calculated carbon dioxide emissions the total emissions from the electricity usage of the plant.
According to the calculations, the average yearly emissions equaled to 244.709,1 tons of carbon dioxide equivalent. In 2003, the emissions were at their peak, equaling an amount of 373.700,6 tons of carbon dioxide equivalent, while in 2015, the emissions hit their low, accounting for only 96.113,4 carbon dioxide equivalent. One might observe from the data that there was a mitigation strategy in place that had the goal to reduce the emissions, but if we look closer at the electricity used by the factory, we will see that the reductions are the result of bad economy for the aluminum industry Table 1 and Graph 3. Aluminum factory electricity consumption in tones of CO2 Source: Author's calculations based on the o cial data published in the yearly energy reports from of the Ministry of Economics of Montenegro Table 2 and Graph 4. Environmental costs related to greenhouse gas emission from the Aluminum plant Source: Author's calculations based on the o cial data published in the yearly energy reports from of the Ministry of Economics of Montenegro and irreversible impacts that the factory su ered due to the economic crisis.
In order to calculate the real monetary value of the environmental impact from the electricity consumption of the plant, di erent values for one tonne of carbon dioxide equivalent were used. Having in mind the prices on the global carbon markets, values from 5 to 20 EUR per ton of carbon dioxide equivalent were calculated. e table below shows the results for di erent scenarios.
According to the calculations, the total environmental cost on the lowest scenario (5 euro per tonne of CO2e) for the given period was 17.13 million euro, or on average, some 1.22 million euro per year. e 20 euro per ton scenario resulted in the total environmental cost of 68.5 million euro, or an average of 4.89 million euro per year.
e costs are only related to electricity consumption of the aluminum plant and not to other production related emissions. ere is a lack of data that would allow calculating the total emissions from the aluminum plant, since there is no study that covers the given period. Still, the data from the Second National Communication (Ministry of Sustainable Development and Tourism, 2015) provide information on emissions until 2011.
e process of primary aluminum production is done by the electrolytic reduction of the alumina. e alumina is dissolved in a molten bath of uoride compounds (the electrolyte) and an electric current is passed through the bath which causes the alumina to dissociate to form liquid aluminum and oxygen which reacts with carbon in the electrode to produce carbon dioxide and carbon monoxide (IPCC, 2006) . e production process also releases tetra ouromethane (CF4) and hexa ouroethane (C2F6) gases, with a very high global warming potential (IPCC, 2006) . When we transform all the greenhouse gases released from the aluminum plant into carbon dioxide equivalent emissions, we get the alarming data. Namely, in 2007 when the emissions peaked, the amount of emissions equaled to 1.790.220 tons of carbon dioxide only from the aluminum plant. On average, the emissions equaled to 1.320.421 tons of carbon dioxide for the given period (Ministry of Sustainable Development and Tourism, 2015) .
Having calculated all the emissions related to the plant's operations, we can now assign a monetary value to them. e same approach and scenario for one ton of carbon dioxide equivalent used with the electricity consumption was used herein as well. e data show that the average yearly environmental cost under the 5 EUR per ton of carbon dioxide equivalent equaled to 6.6 million EUR. Under the higher end scenario of 20 EUR, the average yearly environmental cost equaled to 26.4 million EUR. 
CONCLUSION
In case of the Aluminum plant in Montenegro, inevitable advances in climate legislation pose huge risks for this emission-intensive industry. Under the proposed European Union guidelines, the mere existence of the plant becomes questionable. e risks linked to the emissions from electricity consumption could be mitigated by purchasing power from renewable energy sources. is would result in somewhat higher electricity prices, but would make up in company image, public support as well as lower number of nancial restrictions imposed by the government due to the pollution.
Recent studies indicate that citizens and consumers support private sector leadership on climate change mitigation (Tara O'Shea, 2013) . e main problem with such risk management strategy would be how to mitigate the emissions deriving from the aluminum production itself. Here, the technology plays a major role. Having in mind that the Aluminum plant in Montenegro uses the technology that is over 40 years old, it is hardly possible to bring the emission levels in line with the European Union standards. e calculations of average yearly emissions shown herein suggest that the Government of Montenegro should seriously consider shutting down this plant. e electricity saved could be sold on the market and if we add the possibility of selling carbon credits to the European Union countries in the amount of the current emissions, it would make more sense nancially than keep the plant running.
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